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Abstract
Plant pathogenic bacteria regulate expression of specific genes through quorum sensing 
(QS). Some bacteria encode a single or more than one QS system while others encode a 
single LuxI and two or more LuxR homologs. Not all plant pathogenic bacteria encode 
the LuxI and in these situations the LuxR modulates cell behavior in a cell density man-
ner by utilizing signal molecules that are produced by their plant hosts. The advantage 
of having more than one system is still not well understood. However, it has been specu-
lated that it is essential for regulation of QS traits in different environmental conditions. 
Quorum sensing systems in plant pathogenic bacteria include those that use acyl homo-
serine lactones, 3-hydroxy palmitic acid methyl ester or methyl 3-hydroxypalmitate, vir-
ulence factor modulation genes and diffusible signal factors. This chapter discusses the 
various QS systems in Gram-negative plant pathogenic bacteria, notably those listed as 
the top 10 plant pathogenic bacteria that cause significant reduction in yields and inflict 
economic losses in agriculture. In addition, it explores the various biological processes 
influenced by QS and the extent of QS regulons in these bacteria.
Keywords: plant pathogenic bacteria, quorum sensing, signal molecules, QS regulon, 
inter kingdom signaling
1. Introduction
Bacteria are able to adapt to constantly changing environmental conditions by altering 
expression of genes that are crucial for fitness, adaptation and survival [1]. Some environ-
mental changes encountered by bacteria include temperature, pH, osmolarity and nutrients 
availability [2]. Such environmental changes encountered by bacteria are best dealt with by 
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a group effort instead of by individual cells [3]. Most bacteria thus respond to fluctuations in 
both biotic and abiotic environments by altering gene expression in a process termed quo-
rum sensing (QS). Quorum sensing refers to a process where bacteria accumulate, detect and 
respond to small diffusible communication signals called autoinducers [3]. The amount of sig-
nal molecules is directly proportional to the population cell density of the signal-producing 
bacteria [2]. Quorum sensing results in communication between cells in a population and 
leads to simultaneous coordinated behavior within a population [3].
The sequencing of genomes of plant pathogenic bacteria coupled with research on pathogenicity 
factors in different bacteria has revealed the involvement of QS in the regulation of virulence 
genes. The role of various QS systems is related to several phenotypes, and has been described 
(for examples see [4–24]) using methods such as site-directed mutagenesis or transposon muta-
genesis. However, these methods fall short of clearly showing the biological pathways or genes 
that influence the observed QS phenotypes. One method used to circumvent this limitation is to 
determine the entire regulon controlled by QS using several techniques such as microarrays and 
RNA-Seq. These studies have unraveled the genes under the control of QS in several bacteria. This 
chapter focuses mainly on QS systems found in Gram-negative plant pathogenic bacteria, notably 
those listed as the top 10 most significant plant pathogenic bacteria [25]. In addition, it will explore 
the various biological processes in bacteria that are influenced by QS and highlight the difference 
in the size of the QS regulon for the different systems going from only a few genes to 26% of the 
transcriptome as exemplified by the in planta QS regulon of Pectobacterium atrosepticum (Pa) [26].
2. Overview of QS in the top 10 plant pathogenic bacteria
Plant pathogenic bacteria cause a reduction in yields and inflict economic losses in agricul-
ture [25]. The key to a successful plant infection is regulation of pathogenicity traits. Plant 
pathogenic bacteria regulate expression of specific genes through QS. The major QS signals 
that have been characterized in plant pathogenic bacteria include acyl homoserine lactones 
(AHLs) and diffusible signal factor (DSF). Some plant pathogenic bacteria have a single QS 
system while others have more than one QS system. The advantage of having more than one 
QS system is still not well understood. However, it has been speculated that this could be 
beneficial for the regulation of QS traits in different environmental conditions [4]. Moreover, 
some plant pathogenic bacteria have been found to modulate their behavior in a cell density 
manner by utilizing some signal molecules that are produced by their plant hosts [5, 8, 27, 28].
The LuxI/R QS (depicted in Figure 1) has been extensively studied in a large number of Gram-
negative plant pathogenic bacteria. This system regulates expression of various genes (i.e. for 
example see [9–11, 26, 29–34]). Bacteria encode one or more AHL synthases and one or more 
protein receptor molecules (discussed below). It was thought that in mixed populations, each 
bacterial species detects and responds to its specific AHL molecule [3]. However, there is 
evidence of inter-specific signaling that is the basis of the detection of AHL production by 
Chromobacterium violaceum 026 bio reporter [7]. Notably, the LuxI/R QS in plant pathogenic 
bacteria is species specific, for example, QS target genes differ in different Pectobacterium QS 
systems [12, 35] and the SolI/R QS plays no role in pathogenicity of Ralstonia [36, 37].
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2.1. QS systems in Pectobacterium carotovorum and Pectobacterium atrosepticum
Plant pathogenic bacteria belonging to the genus Pectobacterium cause soft rot and blackleg 
disease in economically important plants. The best studied Pectobacterium species include 
carotovorum subsp. carotovorum (Pcc), subsp. brasiliense (Pcb) and Pa. Pectobacteria are often 
called brute force pathogens due to their mode of host infection [26] i.e. the release of plant 
cell wall degrading enzymes (PCWDE) such as pectinases, polygalacturonases and cellulases 
that rupture the plant tissues during infection and cause rotting [38]. The precise timing 
for release of PCWDE is crucial for a successful infection [31]. Plant cell wall hydrolyzing 
enzymes help degrade the cell wall barrier in plants and thus facilitate entrance and spread 
of a pathogen in the host tissue.
Pectobacterium strains encode one LuxI homolog and two or more LuxR homologs. In Pcc there 
are three LuxR homologs, namely, CarR [39], ExpR [12] and VirR [35]. Each LuxR homolog in 
Pectobacterium plays an essential role. In contrast to CarR that regulates synthesis of antibiotics, 
the ExpR and VirR are involved in regulation of production of PCWDE [12, 35]. Pectobacterium 
spp. produces either one or two major AHL compounds and minute amounts of other AHL 
molecules depending on the species and strain [40]. The AHL synthases in Pectobacterium 
strains include the ExpI in Pcc SCC3193 [13, 14], Pcc SCR1193 [30], Pcc SCR11043 [15, 41], the 
AhlI in Pcc EC153 and Pcc 71 [15, 16, 35] and the CarI in Pcc ATCC390048 [35].
Figure 1. A schematic presentation of the LuxI/R quorum sensing system in Gram-negative bacteria. LuxI encodes an 
acyl homoserine lactone (AHL) synthase whereas LuxR encodes a protein receptor molecule. The AHL binds to the 
protein receptor molecule, the complex then binds to specific promoters and trigger multiple gene expression. The 
traits that are regulated by this system include pathogenicity, production of secondary metabolites, motility, secretion 
systems, stress response, conjugation, growth inhibition, biofilm formation and clustered regularly interspaced short 
Palindromic repeats (CRISPR-Cas).
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Secretion systems in bacteria are essential for transportation of effectors that are important for 
pathogenicity [42]. A transcriptomics study showed that AHL dependent QS regulate 26% of 
the entire transcriptome in Pa [26], representing the largest QS regulon in a plant pathogenic 
bacterium. In addition, it regulates Type 3 secretion system (T3SS) and a Type 6 secretion 
system (T6SS) in Pa [26]. The T6SS has been shown to transport proteins directly to target 
organism through direct cell–cell contact [43] and this secretion system has been implicated 
in bacterial competition [44]. The LuxI/R QS also regulates Type 1 (T1SS) and Type 2 (T2SS) 
secretion systems in Pa that are responsible for secretion of PCWDE [26]. In Pcb, QS is impor-
tant for pathogenicity, production of PCWDE and cell aggregation in xylem tissues [17].
In Pectobacterium spp., QS regulates production of an antibiotic called carbapenem [39, 45]. 
Antibiotics give Pcc a competitive advantage over other bacteria coexisting during infection 
[46]. It is important to note that QS regulates motility in Pcc [11] and Pcb [17] and a clus-
ter of genes for amino acids metabolism i.e. ilvGMEDA, ilvIH, ilvBN and leuABCD, signal 
transduction and lipid metabolism in Pa [18] Furthermore, the xylAB and xylFGH operons for 
xylose/xylulose metabolism as well as genes for anaerobic formate metabolism and operons 
for assimilation of hydrogen (hyp and hyb) are influenced by QS in Pa [18]. Notably, QS could 
help strike a balance in metabolism and nutrient acquisition by individual cells thus ensur-
ing co-operative group activity (i.e. see [47]). Thus, QS regulation of metabolic processes is 
important for efficient utilization of resources by bacteria in a population.
2.2. QS in Erwinia amylovora
In some plant pathogenic bacteria, one LuxI/R QS system is encoded in the genome, for example 
the EamI/R in E. amylovora [34, 48]. Erwinia amylovora is a destructive plant pathogen that causes 
fire blight disease. The AHL-dependent QS system in E. amylovora regulates pathogenicity, exo-
polysaccharides production and tolerance to oxidative stress in this bacterium [34]. It is note-
worthy that a unique QS system, namely LuxS was reported in this bacterium. Initial reports 
suggested that LuxS is restricted to metabolism and is not important for QS in E. amylovora [49, 
50]. This bacterium is the only plant pathogenic bacterium in which the involvement of LuxS/
autoinducer 2 QS signaling has been shown to regulate pathogenicity and pathogenicity traits 
[51]. However, contradictory reports on the role of the autoinducer 2 signaling in E. amylovora 
leaves gaps on the information available for QS in this plant pathogen. Determination of the 
entire QS regulon/s of this bacterium could help bring a better understanding of its QS systems.
2.3. QS in Pantoea stewartii subsp. stewartii
Another example of a plant pathogenic bacteria that encode more than one LuxR homolog, is 
P. stewartii subsp. stewartii. This bacterium encodes the EsaR [19, 52] and an additional LuxR 
homolog, the sdiA [53, 54]. Furthermore, one LuxI homolog that was designated as EsaI is 
encoded in this bacterium [19, 52]. The AHL QS regulates transcription of other transcrip-
tional regulators for example the regulation of capsule synthesis A (RcsA) and LysR homolog 
A (LrhA), which influences exopolysaccharides (EPS) production and motility, respectively in 
P. stewartii subsp. stewartii [55]. The QS regulon in P. stewartii subsp. stewartii represents almost 
8% of the entire genome [33]. A transcriptome study showed that QS regulates several stress 
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response genes in P. stewartii subsp. stewartii (see [33, 56]). The universal stress protein (Usp) 
is important for bacterial survival in adverse environmental conditions, for examples of such 
conditions, see [57]. Importantly, QS regulates EPS production in P. stewartii subsp. stewartii 
[52]. This EPS, also called sterwartan, plays a role in cell attachment and is an important 
constituent of biofilms in this bacterium [52]. In some plant pathogens, biofilm formation is a 
direct pathogenicity factor. In Stewart’s wilt disease, biofilms clog the xylem vessels causing 
the wilt [52].
2.4. QS in Dickeya dadantii and D. solani
An AHL-dependent QS system, namely ExpI/R, is encoded in the genomes of Dickeya solani 
and D. dadantii. There are differences in the role played by the ExpI/R system in pathogenicity 
of different strains of Dickeya. For example, this system regulates production of protease and 
motility (swarming and swimming) in D. solani strains [58]. On the other hand, it plays no 
role in production of cell wall degrading enzymes, motility and pathogenicity of D. dadantii 
3937 [59, 60]. Contrary, the ExpI/R was found to regulate pathogenicity in D. dadantii 3937 
on potato tubers [58]. Furthermore, it was showed that the strength of AHL QS systems is 
strain specific in Dickeya spp., i.e. the effects of ExpI/R mutation were more pronounced in 
D. solani than in D. dadantii [20] indicating that this system regulates pathogenicity in D. 
dadantii. Together these findings may suggest that the regulation of pathogenicity by ExpI/R 
QS system in D. dadantii is host specific, strain specific and/or could be dependent on the 
experimental conditions used. Nonetheless, this leaves unanswered questions.
A QS system that differs from all QS systems described thus far in plant pathogenic bacteria 
was identified in Dickeya spp. This unique system (schematic presentation in Figure 2) makes 
use of virulence factor modulating (vfm) [21]. This QS system directly regulates pathogen-
esis factors including production of PCWDEs in Dickeya dadantii and Dickeya solani [20, 21]. 
Mutation and characterization of vfmA, vfmE, vfmH, vfmI and vfmK suggested that all vfm gene 
transcripts are important for regulation of pathogenicity in D. solani [20]. Furthermore, there 
are variations in the degree of regulation of pathogenicity factors by VFM system in different 
Dickeya strains [20]. The VFM system is repressed by PecS, a global regulator of pathogenicity 
in Dickeya spp. [61] while ExpI/R and VFM QS systems do not work in synergy in modulating 
QS dependent traits [55]. Certainly, elucidation of the VFM QS regulon could help uncover 
many aspects of this QS system in Dickeya spp. that are not yet understood.
2.5. QS in Pseudomonas syringae subsp. syringae (Pss)
Pseudomonas syringae encodes a single LuxI homolog, designated AhlI [62] and four LuxR 
homologs, namely, AhlR [32], SalA, SyrF and SyrG [9, 29]. The AhlI/R QS system in 
Pseudomonas syringae subsp. syringae (Pss) is subject to modulation by other regulatory pro-
teins. For example, AHL and epiphytic fitness regulator (AefR), a novel regulatory protein 
and GacA influence the transcription of the AHL synthase gene, ahlI in Pss [63]. Most QS regu-
lated processes in Pss are associated with epiphytic fitness and plant infection [32]. In addi-
tion, QS regulates motility in P. syringae [32]. Notably, in Pss, alginate production is regulated 
by the AhlI/R system that is in turn influenced by the GacS/GacA two component system [64].
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In Pss, the production of syringomycin and syringopeptin is regulated by LuxR homologs 
SalA and SyrF and SyrG, respectively [9, 29]. Phytotoxins produced by P. syringae cause chlo-
rosis in plants and attenuated the pathogenicity of this bacterium [65–67]. Contrary to other 
plant pathogenic bacteria, the LuxI/R QS regulon of Pss was found to be very small, it is made 
up of about nine genes [68, 69] both in planta and in vitro. The AhlI/R QS regulon is composed 
of genes important for pyruvate metabolism and response to stress [68].
2.6. QS in Agrobacterium tumefaciens
Some plant pathogenic bacteria encode more than one LuxI homologs that are paired with 
their cognate LuxR. Typical examples include the TraI/TraR and TraI2/TraR2 in A. tumefaciens. 
Interestingly, the AHL QS system in A. tumefaciens differs from the model QS system based 
on Vibrio spp. This AHL dependent QS system is encoded on the Ti plasmid of A. tumefaciens. 
Quorum sensing regulates expression of type 4 secretion system (T4SS) [70] as well as conjuga-
tion [70, 71] and amplification of Ti plasmid in A. tumefaciens [72]. The TraI/R system depends 
on the expression of TraM whose transcription is indirectly regulated by QS. TraM binds to 
TraR forming an inactive complex, this helps prevent plasmid transfer before the optimal 
Figure 2. A schematic presentation of the VFM quorum sensing system in Dickeya spp. this QS system is made up of 
four gene transcripts, vfmAZCBD, vfmE, vfmFGHIJ, and vfmKLMNOPQRSTUVW. The vfm genes encode for the VFM QS 
signal, production of this QS signal results in auto induction of vfm genes. The vfmHI genes make up a two-component 
system where vfmI is a histidine kinase and VfmH binds to promoters of the vfmAZCBD and vfmE kinase. This results 
in activation of production of a transcriptional activator, AraC (encoded by vfmE) and regulation of specific phenotypes. 
Phenotypes regulated by the VFM QS include production of plant cell wall degrading enzymes and pathogenicity.
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cell densities for QS are reached [73]. A second QS system named TraI2/TraR2 was identified 
in A. tumefaciens [74]. This system also makes use of a TraR2 inactivator called TraM2. This 
second QS system in A. tumefaciens was postulated to play a redundant role in conjugation 
and replication of the Ti plasmid. The QS regulon was identified in A. tumefaciens strain P4, 
though this strain is non-pathogenic and outside the scope of this chapter, it is noteworthy 
that the QS regulon in this bacterium was found to constitute 32 genes [70]. Most genes in the 
QS regulon were those associated with conjugative transfer.
2.7. QS in Ralstonia solanacearum/R. pseudosolanacearum
Another plant pathogenic bacterium with two LuxI/R homologs is R. solanacearum/R. pseudo-
solanacearum. One of these LuxI/R homologs, the SolI/R system has been characterized. The 
SolI/R system is required for production of C6-HSL and C8-HSL in R. solanacearum/R. pseu-
dosolanacearum. However, this QS system does not influence pathogenicity traits [36, 37]. To 
date, only three genes, aidA, lecM and aidC, have been reported to be influenced by solI/R [37]. 
The aidA and aidC genes encode proteins that have not yet been functionally characterized 
while lecM encode a mannose-fucose binding lectin. The physiological role of the LuxI/R QS 
systems in R. solanacearum/R. pseudosolanacearum still needs further investigation.
As the list of bacteria that employ QS for signaling increases, so does the list of new QS 
signaling systems. For example, Ralstonia solanacearum/R. pseudosolanacearum makes use 
of phenotype conversion (Phc) regulatory system [75] for signaling (simplified schematic 
diagram depicted in Figure 3). Phc is a LysR type transcriptional regular that makes use of 
3-OH palmitic acid methyl ester (3-OH PAME) or methyl 3-hydroxypalmitate (3-OH MAME) 
(depending on the R. solanacearum/R. pseudosolanacearum strain) as a signal molecule [37, 76]. 
This system regulates pathogenicity traits such as exoenzyme production, exopolysaccharide 
synthesis [77], motility [78], siderophore production [79], production of phytotoxic ralstonins 
[80] and aryl furanones [81]. The aryl furanones are directly involved in QS signaling [81], bio-
film formation [22] and pathogenicity [82]. The Phc in R. solanacearum/R. pseudosolanacearum 
regulates the expression of AHL dependent QS system, SolI/R mentioned above [75]. The 
Phc QS regulon in R. solanacearum/R. pseudosolanacearum constitutes a total of 620 (12% of 
the whole genome) genes [83]. Transcriptome profiling showed that this system influenced 
many genes associated with various metabolic pathways, transport systems, growth, several 
adhesins, attachment, dispersal and morphology of bacterial cells [83].
2.8. Burkholderia glumae quorum sensing
Bacteria belonging to the genus Burkholderia are not listed in the top 10 plant pathogenic bacteria. 
Burkholderia glumae was included in this chapter due to interesting findings in its QS regulon, an 
addition to the list of traits regulated by LuxI/R. Burkholderia spp. are characterized by multiple 
AHLs QS systems and additional LuxR homologs [84]. Burkholderia glumae causes grain rot in rice 
and inflicts serious yield losses internationally [85]. Within Burkholderia the LuxI/R QS system has 
been best studied in B. glumae, where this system has been named the TofI/R system [23]. The 
AHL QS regulon of three QS systems namely BGI1, BGI2 and BGI3 in B. glumae constituted 11.5% 
of the whole transcriptome [86]. Also of note, is the QS regulation of flagella biosynthesis and 
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swarming motility in B. glumae [87–89] and QS regulation of toxin biosynthesis, the phytotoxic 
toxoflavin [86, 90] an important pathogenicity factor in B. glumae [91]. Quorum sensing also regu-
lates the Usp in B. glumae [92]. The Usp in B. glumae is important for surviving adverse tempera-
tures [92]. Quorum sensing has also been reported to regulate metabolic pathways, for example, 
in B. glumae BG1. A transcriptome analysis in vitro showed that about 40% of the QS regulon in B. 
glumae BG1 is made up of genes for metabolic activities [86]. In addition, transcriptome analysis 
showed for the first time that QS influences the (CRISPR-Cas) associated proteins in B. glumae 
BG1 [86]. Given the biological role of the CRISPR-Cas system (see [93–99]), it is thus not surpris-
ing that this system has been found to be regulated by QS in a plant pathogenic bacterium.
2.9. QS in Xanthomonas oryzae pv. oryzae
Xanthomonas oryzae pv. oryzae (Xoo) causes bacterial leaf blight, one of the most destructive dis-
eases, in rice. This bacterium does not produce AHLs. Its genome encodes a LuxR homolog 
called OryR [5]. The OryR protein has been found to impact pathogenicity of this pathogen [27]. 
Unlike LuxR proteins in other bacteria, the OryR does not bind to AHLs but binds to a yet to 
be identified diffusible plant molecule that acts as a QS signal [5]. The production of these plant 
signal molecules increases when a plant is infected. A schematic presentation of interkingdom 
QS signaling is shown in Figure 4. A transcriptomic study showed that OryR regulates 330 genes 
in Xoo, the majority of which influenced flagella and motility [100]. This is essential for move-
ment, spread, colonization of host tissues and pathogenicity. Like in other LuxR that are without 
their LuxI (discussed below), the OryR regulates proline–imino-peptidase (pip) expression [100].
Figure 3. The phenotype conversion (Phc) quorum sensing system is encoded by the phcA and the phcBSR operon. 
The PhcB is a putative methyltransferase that catalysis the production of the QS signal molecule, 3-OH-PAME or 
3-OH-MAME depending on strain. The PhcS/PhcR constitute a two-component system where PhcS, a histidine kinase 
phosphorylates PhcR. The phosphorylated PhcR responds to the presence of the QS signal and derepress PhcA resulting 
in elevated levels of functional PhcA at high cell densities. Phenotypes regulated by this system include swimming 
motility, exoenzymes production, exopolysaccharides production, acyl homoserine lactone dependent quorum sensing, 
siderophore synthesis, production of aryl furanones, pathogenicity and type three secretion system (T3SS).
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The second QS system in Xoo is the DSF (cis-11-methyl-2-dodecenoic acid) dependent QS [101]. 
The genes for biosynthesis and signaling of DSF are encoded on the regulation of pathogenicity 
factors (rpfABCDEFG) genes and the major catalyst in DSF production is RpfF [102]. The Rpf ele-
ments involved in DSF signaling are those that are part of the two- component system RpfCG. In 
this QS system, the DFS QS modulates the levels of second messenger cyclic di-GMP (see Figure 5 
for a schematic diagram of this QS system). At low cell density, the RpfG is inactive, the cyclic di-
GMP levels are high while RpfC binds to RpfF and reduces its catalytic activity. Consequently, 
at low cell densities the cyclic di-GMP binds to the transcriptional activator, a cyclic di-GMP 
effector also called Clp and renders it inactive. At high cell densities, RpfC detaches from RpfF, 
the unbound RpfF then catalysis the production of more DFS signals, these signals then bind 
to RpfC. The RpfG is phosphorylated at high cell densities, it then binds and inhibits enzymes 
that synthesize cyclic di-GTP resulting in a decrease in cyclic di-GMP levels. The cyclic di-GMP 
detaches from Clp resulting in activation of the transcriptional activator, Clp [103]. Moreover, 
the DSF QS system in Xoo was found to be activated by the plant hormone, salicylic acid [104], 
indicating an involvement of interkingdom signaling in this QS system during plant infection.
In Xoo, the DSF QS system produces three distinct molecules i.e. DSF, BDSF (cis-2-dodecenoic 
acid) and CDSF (cis-11-methyldodeca-2,5-dienoic acid) [105]. The three DSF QS molecules are 
produced differentially during exponential growth, with BDSF production occurring ahead 
of the other two. The three DSF molecules influence production of EPS and exoenzymes in 
Xoo, however, CDSF is less active compared to the other two. In addition, the synthesis of the 
different DSF molecules varies depending on nutrients available, for example, DSF dominates 
Figure 4. The LuxR in some plant pathogenic bacteria respond to acyl homoserine lactone (AHL) mimicking molecules 
produced by plants. The production of AHL mimicking molecules increases when a plant gets infected. These molecules 
bind to the LuxR in bacteria and trigger quorum sensing gene regulation of proline-imino-peptidase (pip) expression, 
cell adhesion and motility.
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in nutrient rich medium whilst in poor nutrients BDSF dominates. One other trait regulated 
by DSF is iron acquisition in Xoo [6]. In addition to the mentioned QS systems, Xoo also har-
bors the Diffusible factor (DF) QS signaling, the autoinducer for this system was characterized 
as 3-hydroxybenzoic acid (3-HBA) [106]. The DF in Xoo regulates the synthesis of the yellow 
pigments, xanthomonadins that help protect the bacteria from photodamage. The production 
of both DSF and DF in Xoo are activated by the plant hormone, salicylic acid [104] implicating 
these QS systems in interkingdom signaling.
2.10. QS in Xanthomonas campestris pv. campestris
The QS systems in Xanthomonas campestris include the DSF and DF (3-hydroxybenzoic acid 
(3-HBA)) [105]. The enzyme involved in DF synthesis (XanB2) has not been identified [106]. The 
DSF and DF QS systems regulate the exopolysaccharide, xanthan, production. Other traits regu-
lated by the DSF system in X. campestris include production of extra cellular enzymes, glucan pro-
duction and biofilm formation [107, 108] and fitness advantage in interspecies competition [109]. 
Figure 5. Schematic presentation of the DSF quorum sensing (QS) system showing the modulation of cyclic di-GMP. At 
low cell densities, the cyclic di-GMP levels are high, they bind to the transcription factor and prevent quorum sensing. 
The RpfF acts as an enzyme for synthesis of QS signal. At low densities, RpfF binds to RpfC and its catalytic activity 
is reduced. At high cell densities, RpfF is unbound, it is activated and produces the DSF which then binds to the 
phosphorylated RpfC. Phosphorylation of RpfC leads to a reduction in the levels of cyclic di-GMP which then detaches 
from the transcription factor leading to QS gene regulation. The phenotypes influenced by this QS system include 
motility, biofilm formation, production of plant cell wall degrading enzymes, iron acquisition, lipopolysaccharide/
exopolysaccharides (EPS) synthesis and secretion, expression of type IV pili and fitness. Other traits regulated include 
chemotaxis, multidrug resistance and detoxification, pathogenicity, metabolism, transport, interspecies competition and 
pigmentation.
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Like the DSF system in Xoo, the DSF system in X. campestris was found to produce multiple DSF 
molecules i.e. DSF, BDSF, CDSF and the newly identified IDSF (cis-10-methyl-2-dodecenoic acid) 
[102, 109, 110]. However, the levels of IDSF reported in this bacterium [102] are not sufficiently 
high enough to have any regulatory effect. On the other hand, the DF system regulates EPS syn-
thesis and production of a yellow pigment, xanthomonadin that acts as a shield against ultra violet 
(uv) light and thus contributes to epiphytic fitness and pathogenicity of X. campestris [111]. The 
DSF QS in Xcc regulates important pathogenicity factors in this bacterium, for example, xanthan 
and glucan have been shown to suppress the host’s innate immune defense, possible through 
inhibition of callose deposition [24, 112] .
In Xcc, EPS production is co regulated by DSF QS and the RavS/RavR two component system 
[10]. In this pathogen, the DSF QS mutants were impaired in pathogenicity [108] and in fit-
ness, for example, in the ability to cope in iron limiting environments [6, 10]. The regulation 
of different pathogenicity factors by different QS systems in different bacteria, coupled with 
differences in QS regulated processes, further emphasizes the specificity of QS systems in 
bacteria. The DSF QS regulon in Xanthomonas campestris pv. campestris has been identified and 
is made up of 165 genes of which 10 of them are hypothetical proteins [10]. The regulon repre-
sents 12 functional categories that include extracellular enzymes, lipopolysaccharide and EPS 
synthesis and secretion. In addition, multidrug resistance and detoxification, flagellum bio-
synthesis, motility and chemotaxis, hypersensitive response and pathogenicity (Hrp) system 
are regulated by DSF in this pathogen. Other factors regulated include iron uptake, protein 
metabolism, tricarboxylic acid (TCA) cycle, aerobic and anaerobic respiration, transcription 
regulators, membrane components and transporters, and fatty acid metabolism [10].
Another LuxR homolog that does not bind to AHLs is the XccR in X. campestris. The AHL syn-
thase gene is absent in this bacterial species. The LuxR homolog found in X. campestris binds to 
yet to be identified molecules produced by the plant and regulates the proline–imino-peptidase 
(pip) gene, a pathogenicity factor in this bacterium [8]. In the absence of AHL mimicking mol-
ecules produced by plants, the XccR is repressed by a negative regulator, XerR [113]. The plant 
derived molecules interact with the repressor, XerR resulting in de repression of XccR. Such QS 
highlights an interesting inter-kingdom signaling between a plant and its pathogen.
2.11. QS in Xanthomonas axonopodis
In X. axonopodis pv. glycines, a bacterium that causes bacterial pustules on soybean, one LuxR 
homolog called XagR was found. Similarly to the other LuxR homologs that are without their 
cognate LuxI synthase in Xanthomonas spp., XagR binds to signal molecules produced by the 
host resulting in QS regulation. The XagR regulates proline-imino-peptidase (pip) expression, 
cell adhesion, motility and pathogenicity [28]. XagR regulation of pip is not host specific, 
induction of pip expression was observed in soybean, rice and cabbage [28].
2.12. QS in Xylella fastidiosa
The complete genome sequence of Xylella fastidiosa revealed that this bacterium lacks an AHL 
synthase gene. This bacterium makes use of DSF for signaling [114], the QS regulated processes 
includes motility, biofilm formation, pathogenicity [115] and biosynthesis of DSF [116]. However, 
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the DSF QS system in Xylella is not the same as the DSF in Xanthomonas spp. The Xylella DSF sig-
nals have been characterized as cis-2-tetradecenoic acid (XfDSF1) and 2-cis-hexadecanoic acid 
(XfDSF2), [117, 118]. Whilst in Xylella, mutation of the DSF signaling results in up regulation of 
pathogenicity genes [114], production of cell wall degrading enzymes and expression of type IV 
pili in the mutants, the opposite happens in DSF QS mutants in Xanthomonas spp. [6].
3. Progress in understanding interkingdom QS
As noted in the discussion above, some plant pathogenic bacteria encode LuxR homologs that 
are capable of ‘eavesdropping’ by utilizing AHL mimicking low molecular weight compounds 
that are produced by plants. In place of the LuxI, the LuxR homologs in plant pathogenic bacte-
ria are in most oftenly in close proximity to the pip gene [119]. The pip harbors an inverted repeat 
unit similar to luxI and is directly involved in pathogenicity, hence its biological role merits fur-
ther investigation. Over the past decade, researchers have attempted to investigate these LuxR 
proteins especially on deciphering their role in QS signaling. The binding motifs of these LuxR 
homologs is unique and distinct from the conventional LuxR homolog, they lack one or two of 
the several conserved regions required for AHL binding [5, 8, 119]. The AHL binding domain of 
these proteins are substituted by methionine and tryptophan in the conserved region allowing 
specificity for binding to plant derived molecules [119]. The orthologs of these LuxR proteins 
are also encoded on the genomes of AHL producing bacteria including Pseudomonas syringae 
[8]. Consequently, questions arise, do these LuxR homologs bind to the AHL mimicking com-
pounds and function in a similar way in the AHL producing and non AHL producing bacteria? 
In addition, the AHL mimicking molecules produced by plants still need to be characterized.
4. Conclusions
A variety of bacterial species are increasingly becoming resistant to the antimicrobial agents 
that are currently in use [120]. Resistance to streptomycin in plant pathogenic bacteria was 
reported within a decade of its use in controlling plant infections and diseases [121]. Research 
efforts are now focusing on alternative bacterial control strategies. The discovery of the 
involvement of QS in the regulation of bacterial virulence has led to escalated research efforts 
towards discovering possible biological control measures that target QS systems. The main 
advantage of control measures that target QS systems, though not yet scientifically proven, is 
that they are less prone to selective pressure [122].
For an effective application of QS inhibition as a biological antimicrobial measure, a better under-
standing of the genes influenced by QS is crucial. Latest technology including research tools such as 
RNA-Seq has made it possible for whole transcriptome investigations to be conducted. In addition, 
targeted mutation and characterization of mutants has helped in unveiling the biological signifi-
cance of specific genes in bacteria, the complexity of bacterial transcriptomes and thus regulation 
of gene expression. Nonetheless, as additional experimental and analytical tools become available, 
the critical role of bacterial QS to plant pathogenesis will undoubtedly become much clearer.
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The literature cited in this chapter reflects on QS and its role in influencing pathogenicity 
and pathogenicity-associated traits in Gram-negative plant pathogenic bacteria. The different 
QS systems, the extent of those QS regulons that have been elucidated as well as the dif-
ferent signaling molecules employed by plant pathogenic bacteria have been explored. This 
chapter highlights interesting similarities and differences of QS systems and the diversity of 
QS signal molecules utilized by plant pathogenic bacteria. Understanding QS regulation in 
plant pathogenic bacteria could provide useful tools for control and management of bacterial 
plant diseases.
Acknowledgements
The authors would like to thank the National Research Foundation (NRF) of South Africa, the 
University of Pretoria, the Forestry and Agricultural Biotechnology Institute (FABI), the Tree 
Protection Cooperative Program (TPCP) and Centre of Excellence in Tree Health Biotechnology 
(CTHB) for supporting this research.
Conflict of interest
Authors declare no conflict of interest.
Author details
Siphathele Sibanda1,2, Lucy Novungayo Moleleki1, Divine Yufetar Shyntum1  
and Teresa Ann Coutinho1,2*
*Address all correspondence to: teresa.coutinho@fabi.up.ac.za
1 Department of Microbiology, Faculty of Natural and Agricultural Sciences, Forestry and 
Agricultural Biotechnology Institute (FABI), University of Pretoria, Pretoria, South Africa
2 Faculty of Natural and Agricultural Sciences, Centre for Microbial Ecology and Genomics 
(CMEG), University of Pretoria, Pretoria, Republic of South Africa
References
[1] Brooks AN, Turkarslan S, Beer KD, Yin Lo F, Baliga NS. Adaptation of cells to new 
environments. Wiley Interdisciplinary Reviews: Systems Biology and Medicine. 
2011;3(5):544-561
[2] Whitehead NA, Barnard AM, Slater H, Simpson NJ, Salmond GP. Quorum-sensing in 
Gram-negative bacteria. FEMS Microbiology Reviews. 2001;25(4):365-404
Quorum Sensing in Gram-Negative Plant Pathogenic Bacteria
http://dx.doi.org/10.5772/intechopen.78003
79
[3] Waters CM, Bassler BL. Quorum sensing: Cell-to-cell communication in bacteria. Annual 
Review of Cell and Developmental Biology. 2005;21:319-346
[4] Sibanda S, Theron J, Shyntum DY, Moleleki LN, Coutinho TA. Characterization of two 
LuxI/R homologs in Pantoea ananatis LMG 2665T. Canadian Journal of Microbiology. 
2016;62(11):893-903
[5] Ferluga S, Bigirimana J, Höfte M, Venturi V. A LuxR homologue of Xanthomonas oryzae 
pv. oryzae is required for optimal rice virulence. Molecular Plant Pathology. 2007;8(4):529 
-538
[6] Chatterjee S, Sonti RV. rpfF mutants of Xanthomonas oryzae pv. oryzae are deficient for 
virulence and growth under low iron conditions. Molecular Plant-Microbe Interactions. 
2002;15(5):463-471
[7] McClean KH, Winson MK, Fish L, Taylor A, Chhabra SR, Camara M, Daykin M, Lamb 
JH, Swift S, Bycroft BW. Quorum sensing and Chromobacterium violaceum: Exploitation 
of violacein production and inhibition for the detection of N-acylhomoserine lactones. 
Microbiology. 1997;143(12):3703-3711
[8] Zhang L, Jia Y, Wang L, Fang R. A proline iminopeptidase gene upregulated in planta 
by a LuxR homologue is essential for pathogenicity of Xanthomonas campestris pv. camp-
estris. Molecular Microbiology. 2007;65(1):121-136
[9] Vaughn VL, Gross DC. Characterization of salA, syrF, and syrG genes and attendant 
regulatory networks involved in plant pathogenesis by Pseudomonas syringae pv. syringae 
B728a. PLoS One. 2016;11(3):e0150234
[10] He YW, Boon C, Zhou L, Zhang LH. Co-regulation of Xanthomonas campestris virulence by 
quorum sensing and a novel two-component regulatory system RavS/RavR. Molecular 
Microbiology. 2009;71(6):1464-1476
[11] Chatterjee A, Cui Y, Chakrabarty P, Chatterjee AK. Regulation of motility in Erwinia 
carotovora subsp. carotovora: Quorum-sensing signal controls FlhDC, the global regulator 
of flagellar and exoprotein genes, by modulating the production of RsmA, an RNA-
binding protein. Molecular Plant-microbe Interactions. 2010;23(10):1316-1323
[12] Andersson RA, Eriksson AR, Heikinheimo R, Mäe A, Pirhonen M, Kõiv V, Hyytiäinen 
H, Tuikkala A, Palva ET. Quorum sensing in the plant pathogen Erwinia carotovora subsp. 
carotovora: The role of expREcc. Molecular Plant-Microbe Interactions. 2000;13(4):384-393
[13] Pirhonen M, Flego D, Heikinheimo R, Palva ET. A small diffusible signal molecule is 
responsible for the global control of virulence and exoenzyme production in the plant 
pathogen Erwinia carotovora. The EMBO Journal. 1993;12(6):2467
[14] Sjöblom S, Brader G, Koch G, Palva ET. Cooperation of two distinct ExpR regulators con-
trols quorum sensing specificity and virulence in the plant pathogen Erwinia carotovora. 
Molecular Microbiology. 2006;60(6):1474-1489
[15] Cui Y, Chatterjee A, Hasegawa H, Chatterjee AK. Erwinia carotovora subspecies produce 
duplicate variants of ExpR, LuxR homologs that activate rsmA transcription but differ 
Advances in Plant Pathology80
in their interactions with N-acylhomoserine lactone signals. Journal of Bacteriology. 
2006;188(13):4715-4726
[16] Cui Y, Chatterjee A, Hasegawa H, Dixit V, Leigh N, Chatterjee AK. ExpR, a LuxR homolog 
of Erwinia carotovora subsp. carotovora, activates transcription of rsmA, which specifies a 
global regulatory RNA-binding protein. Journal of Bacteriology. 2005;187(14):4792-4803
[17] Moleleki LN, Pretorius RG, Tanui CK, Mosina G, Theron J. A quorum sensing-defective 
mutant of Pectobacterium carotovorum ssp. brasiliense 1692 is attenuated in virulence 
and unable to occlude xylem tissue of susceptible potato plant stems. Molecular Plant 
Pathology. 2017;18(1):32-44
[18] Bowden SD, Eyres A, Chung J, Monson RE, Thompson A, Salmond GP, Spring DR, 
Welch M. Virulence in Pectobacterium atrosepticum is regulated by a coincidence circuit 
involving quorum sensing and the stress alarmone, (p) ppGpp. Molecular Microbiology. 
2013;90(3):457-471
[19] Von Bodman SB, Majerczak DR, Coplin DL. A negative regulator mediates quorum-
sensing control of exopolysaccharide production in Pantoea stewartii subsp. stewartii. 
Proceedings of the National Academy of Sciences. 1998;95(13):7687-7692
[20] Potrykus M, Hugouvieux-Cotte-Pattat N, Lojkowska E. Interplay of classic exp and spe-
cific Vfm quorum sensing systems on the phenotypic features of Dickeya solani strains 
exhibiting different virulence levels. Molecular Plant Pathology. 2017;19(5):1238-1251
[21] Nasser W, Dorel C, Wawrzyniak J, Van Gijsegem F, Groleau MC, Déziel E, Reverchon 
S. Vfm a new quorum sensing system controls the virulence of Dickeya dadantii. 
Environmental Microbiology. 2013;15(3):865-880
[22] Mori Y, Hosoi Y, Ishikawa S, Hayashi K, Asai Y, Ohnishi H, Shimatani M, Inoue K, Ikeda 
K, Nakayashiki H, Nishimura Y, Ohnishi K, Kiba A, Kai K, Hikichi Y. Ralfuranones con- 
tribute to mushroom-type biofilm formation by Ralstonia solanacearum strain OE1-1. 
Molecular Plant Pathology. 2017;19(4):975-985
[23] Kim J, Kim JG, Kang Y, Jang JY, Jog GJ, Lim JY, Kim S, Suga H, Nagamatsu T, Hwang 
I. Quorum sensing and the LysR-type transcriptional activator ToxR regulate toxofla-
vin biosynthesis and transport in Burkholderia glumae. Molecular Microbiology. 2004; 
54(4):921-934
[24] Kakkar A, Nizampatnam NR, Kondreddy A, Pradhan BB, Chatterjee S. Xanthomonas 
campestris cell–cell signalling molecule DSF (diffusible signal factor) elicits innate 
immunity in plants and is suppressed by the exopolysaccharide xanthan. Journal of 
Experimental Botany. 2015;66(21):6697-6714
[25] Mansfield J, Genin S, Magori S, Citovsky V, Sriariyanum M, Ronald P, Dow M, Verdier 
V, Beer SV, Machado MA. Top 10 plant pathogenic bacteria in molecular plant pathol-
ogy. Molecular Plant Pathology. 2012;13(6):614-629
[26] Liu H, Coulthurst SJ, Pritchard L, Hedley PE, Ravensdale M, Humphris S, Burr T, 
Takle G, Brurberg M-B, Birch PR. Quorum sensing coordinates brute force and stealth 
modes of infection in the plant pathogen Pectobacterium atrosepticum. PLoS Pathogens. 
2008;4(6):e1000093
Quorum Sensing in Gram-Negative Plant Pathogenic Bacteria
http://dx.doi.org/10.5772/intechopen.78003
81
[27] Ferluga S, Venturi V. OryR is a LuxR-family protein involved in interkingdom signal-
ing between pathogenic Xanthomonas oryzae pv. oryzae and rice. Journal of Bacteriology. 
2009;191(3):890-897
[28] Chatnaparat T, Prathuangwong S, Ionescu M, Lindow SE. XagR, a LuxR homolog, con-
tributes to the virulence of Xanthomonas axonopodis pv. glycines to soybean. Molecular 
Plant-Microbe Interactions. 2012;25(8):1104-1117
[29] Lu S-E, Wang N, Wang J, Chen ZJ, Gross DC. Oligonucleotide microarray analysis of the 
salA regulon controlling phytotoxin production by Pseudomonas syringae pv. syringae. 
Molecular Plant-Microbe Interactions. 2005;18(4):324-333
[30] Jones S, Yu B, Na B, Birdsall M, Bycroft B, Chhabra S, Cox A, Golby P, Reeves P, Stephens 
S. The lux autoinducer regulates the production of exoenzyme virulence determinants in 
Erwinia carotovora and Pseudomonas aeruginosa. The EMBO Journal. 1993;12(6):2477-2482
[31] Barnard AM, Bowden SD, Burr T, Coulthurst SJ, Monson RE, Salmond GP. Quorum 
sensing, virulence and secondary metabolite production in plant soft-rotting bacte-
ria. Philosophical Transactions of the Royal Society of London B: Biological Sciences. 
2007;362(1483):1165-1183
[32] Quiñones B, Dulla G, Lindow SE. Quorum sensing regulates exopolysaccharide pro-
duction, motility, and virulence in Pseudomonas syringae. Molecular Plant-Microbe 
Interactions. 2005;18(7):682-693
[33] Ramachandran R, Burke AK, Cormier G, Jensen RV, Stevens AM. Transcriptome-based 
analysis of the Pantoea stewartii quorum-sensing regulon and identification of EsaR direct 
targets. Applied and Environmental Microbiology. 2014;80(18):5790-5800
[34] Molina L, Rezzonico F, Défago G, Duffy B. Autoinduction in Erwinia amylovora: Evidence 
of an acyl-homoserine lactone signal in the fire blight pathogen. Journal of Bacteriology. 
2005;187(9):3206-3213
[35] Burr T, Barnard AM, Corbett MJ, Pemberton CL, Simpson NJ, Salmond GP. Identification 
of the central quorum sensing regulator of virulence in the enteric phytopathogen, 
Erwinia carotovora: The VirR repressor. Molecular Microbiology. 2006;59(1):113-125
[36] Meng F, Babujee L, Jacobs JM, Allen C. Comparative transcriptome analysis reveals cool 
virulence factors of Ralstonia solanacearum race 3 biovar 2. PLoS One. 2015;10(10): 
e0139090
[37] Flavier AB, Ganova-Raeva LM, Schell MA, Denny TP. Hierarchical autoinduction 
in Ralstonia solanacearum: Control of acyl-homoserine lactone production by a novel 
autoregulatory system responsive to 3-hydroxypalmitic acid methyl ester. Journal of 
Bacteriology. 1997;179(22):7089-7097
[38] Toth IK, Bell KS, Holeva MC, Birch PR. Soft rot erwiniae: From genes to genomes. 
Molecular Plant Pathology. 2003;4(1):17-30
Advances in Plant Pathology82
[39] McGowan S, Sebaihia M, Jones S, Yu B, Bainton N, Chan P, Bycroft B, Stewart G, Williams P, 
Salmond G. Carbapenem antibiotic production in Erwinia carotovora is regulated by CarR, 
a homologue of the LuxR transcriptional activator. Microbiology. 1995;141(3):541-550
[40] Põllumaa L, Alamäe T, Mäe A. Quorum sensing and expression of virulence in pectobac-
teria. Sensors. 2012;12(3):3327-3349
[41] Bell K, Sebaihia M, Pritchard L, Holden M, Hyman L, Holeva M, Thomson N, Bentley S, 
Churcher L, Mungall K. Genome sequence of the enterobacterial phytopathogen Erwinia 
carotovora subsp. atroseptica and characterization of virulence factors. Proceedings of the 
national Academy of Sciences of the United States of America. 2004;101(30):11105-11110
[42] Waksman G. Bacterial secretion comes of age. The Royal Society. 2012;367(1592):1014-1015
[43] Mougous JD, Cuff ME, Raunser S, Shen A, Zhou M, Gifford CA, Goodman AL, 
Joachimiak G, Ordoñez CL, Lory S. A virulence locus of Pseudomonas aeruginosa encodes 
a protein secretion apparatus. Science. 2006;312(5779):1526-1530
[44] Shyntum DY, Theron J, Venter SN, Moleleki LN, Toth IK, Coutinho TA. Pantoea ananatis 
utilizes a type VI secretion system for pathogenesis and bacterial competition. Molecular 
Plant-Microbe Interactions. 2015;28(4):420-431
[45] McGowan SJ, Barnard AM, Bosgelmez G, Sebaihia M, Simpson NJ, Thomson NR, Todd 
DE, Welch M, Whitehead NA, Salmond GP. Carbapenem antibiotic biosynthesis in 
Erwinia carotovora is regulated by physiological and genetic factors modulating the quo-
rum sensing-dependent control pathway. Molecular Microbiology. 2005;55(2):526-545
[46] Axelrood PE, Rella M, Schroth MN. Role of antibiosis in competition of Erwinia strains in 
potato infection courts. Applied and Environmental Microbiology. 1988;54(5):1222-1229
[47] Fatima U, Senthil-Kumar M. Plant and pathogen nutrient acquisition strategies. Frontiers 
in Plant Science. 2015;6:750. DOI: 10.3389/fpls.2015.00750
[48] Venturi V, Venuti C, Devescovi G, Lucchese C, Friscina A, Degrassi G, Aguilar C, 
Mazzucchi U. The plant pathogen Erwinia amylovora produces acyl-homoserine lactone 
signal molecules in vitro and in planta. FEMS Microbiology Letters. 2004;241(2):179-183
[49] Rezzonico F, Duffy B. The role of luxS in the fire blight pathogen Erwinia amylovora is 
limited to metabolism and does not involve quorum sensing. Molecular Plant-Microbe 
Interactions. 2007;20(10):1284-1297
[50] Rezzonico F, Duffy B. Lack of genomic evidence of AI-2 receptors suggests a non-quo-
rum sensing role for luxS in most bacteria. BMC Microbiology. 2008;8(1):154
[51] Gao Y, Song J, Hu B, Zhang L, Liu Q, Liu F. The luxS gene is involved in AI-2 produc-
tion, pathogenicity, and some phenotypes in Erwinia amylovora. Current Microbiology. 
2009;58(1):1-10
Quorum Sensing in Gram-Negative Plant Pathogenic Bacteria
http://dx.doi.org/10.5772/intechopen.78003
83
[52] Koutsoudis MD, Tsaltas D, Minogue TD, Bodman v, SB. Quorum-sensing regulation 
governs bacterial adhesion, biofilm development, and host colonization in Pantoea 
stewartii subspecies stewartii. Proceedings of the National Academy of Sciences. 
2006;103(15):5983-5988
[53] Duong DA, Stevens AM, Jensen RV. Complete genome assembly of Pantoea stewartii subsp. 
stewartii DC283, a corn pathogen. Genome Announcements. 2017;5(22):e00435-e00417
[54] Mohamad NI, Tan W-S, Chang C-Y, Tee KK, Yin W-F, Chan K-G. Analysis of quorum-
sensing Pantoea stewartii strain M073A through whole-genome sequencing. Genome 
Announcements. 2015;3(1):e00022-e00015
[55] Burke AK, Duong DA, Jensen RV, Stevens AM. Analyzing the transcriptomes of two 
quorum-sensing controlled transcription factors, RcsA and LrhA, important for Pantoea 
stewartii virulence. PLoS One. 2015;10(12):e0145358
[56] Ramachandran R, Stevens AM. Proteomic analysis of the quorum-sensing regulon in 
Pantoea stewartii and identification of direct targets of EsaR. Applied and Environmental 
Microbiology. 2013;79(20):6244-6252
[57] Nyström T, Neidhardt FC. Cloning, mapping and nucleotide sequencing of a gene 
encoding a universal stress protein in Escherichia coli. Molecular Microbiology. 
1992;6(21):3187-3198
[58] Potrykus M, Golanowska M, Hugouvieux-Cotte-Pattat N, Lojkowska E. Regulators 
involved in Dickeya solani virulence, genetic conservation, and functional variability. 
Molecular Plant-Microbe Interactions. 2014;27(7):700-711
[59] Nasser W, Bouillant ML, Salmond G, Reverchon S. Characterization of the Erwinia 
chrysanthemi expI–expR locus directing the synthesis of two N-acyl-homoserine lactone 
signal molecules. Molecular Microbiology. 1998;29(6):1391-1405
[60] Mhedbi-Hajri N, Malfatti P, Pédron J, Gaubert S, Reverchon S, Van Gijsegem F. PecS 
is an important player in the regulatory network governing the coordinated expres-
sion of virulence genes during the interaction between Dickeya dadantii 3937 and plants. 
Environmental Microbiology. 2011;13(11):2901-2914
[61] Hommais F, Oger-Desfeux C, Van Gijsegem F, Castang S, Ligori S, Expert D, Nasser W, 
Reverchon S. PecS is a global regulator of the symptomatic phase in the phytopathogenic 
bacterium Erwinia chrysanthemi 3937. Journal of Bacteriology. 2008;190(22):7508-7522
[62] Dumenyo CK, Mukherjee A, Chun W, Chatterjee AK. Genetic and physiological evi-
dence for the production of N-acyl homoserine lactones by Pseudomonas syringae pv. 
syringae and other fluorescent plant pathogenic Pseudomonas species. European Journal 
of Plant Pathology. 1998;104(6):569-582
[63] Quiñones B, Pujol CJ, Lindow SE. Regulation of AHL production and its contribution 
to epiphytic fitness in Pseudomonas syringae. Molecular Plant-Microbe Interactions. 
2004;17(5):521-531
Advances in Plant Pathology84
[64] Marutani M, Taguchi F, Ogawa Y, Hossain MM, Inagaki Y, Toyoda K, Shiraishi T, 
Ichinose Y. Gac two-component system in Pseudomonas syringae pv. tabaci is required 
for virulence but not for hypersensitive reaction. Molecular Genetics and Genomics. 
2008;279(4):313
[65] Xu G-W, Gross DC. Evaluation of the role of syringomycin in plant pathogenesis by 
using Tn5 mutants of Pseudomonas syringae pv. syringae defective in syringomycin pro-
duction. Applied and Environmental Microbiology. 1988;54(6):1345-1353
[66] Bender CL, Alarcón-Chaidez F, Gross DC. Pseudomonas syringae phytotoxins: Mode of 
action, regulation, and biosynthesis by peptide and polyketide synthetases. Microbiology 
and Molecular Biology Reviews. 1999;63(2):266-292
[67] Bender CL. Chlorosis-inducing phytotoxins produced by Pseudomonas syringae. European 
Journal of Plant Pathology. 1999;105(1):1-12
[68] Scott RA, Lindow SE. Transcriptional control of quorum sensing and associated 
metabolic interactions in Pseudomonas syringae strain B728a. Molecular Microbiology. 
2016;99(6):1080-1098
[69] Yu X, Lund SP, Greenwald JW, Records AH, Scott RA, Nettleton D, Lindow SE, Gross 
DC, Beattie GA. Transcriptional analysis of the global regulatory networks active in 
Pseudomonas syringae during leaf colonization. MBio Journal. 2014;5(5):e01683-e01614
[70] Mhedbi-Hajri N, Yahiaoui N, Mondy S, Hue N, Pélissier F, Faure D, Dessaux Y. Transcrip 
tome analysis revealed that a quorum sensing system regulates the transfer of the pAt 
megaplasmid in Agrobacterium tumefaciens. BMC Genomics. 2016;17(1):661
[71] Piper KR, von Bodman SB, SK F. Conjugation factor of Agrobacterium tumefaciens regu-
lates Ti plasmid transfer by autoinduction. Nature. 1993;362(6419):448-450
[72] Li P-L, SK F. The replicator of the nopaline-type Ti plasmid pTiC58 is a member of the 
repABC family and is influenced by the TraR-dependent quorum-sensing regulatory 
system. Journal of Bacteriology. 2000;182(1):179-188
[73] Piper KR, Farrand SK. Quorum sensing but not autoinduction of Ti plasmid conjugal 
transfer requires control by the opine regulon and the antiactivator TraM. Journal of 
Bacteriology. 2000;182(4):1080-1088
[74] Wang C, Yan C, Fuqua C, Zhang L-H. Identification and characterization of a second 
quorum-sensing system in Agrobacterium tumefaciens A6. Journal of Bacteriology. 
2014;196(7):1403-1411
[75] Brumbley SM, Carney B, Denny TP. Phenotype conversion in Pseudomonas solanacearum 
due to spontaneous inactivation of PhcA, a putative LysR transcriptional regulator. 
Journal of Bacteriology. 1993;175(17):5477-5487
[76] Kai K, Ohnishi H, Shimatani M, Ishikawa S, Mori Y, Kiba A, Ohnishi K, Tabuchi M, 
Hikichi Y. Methyl 3-Hydroxymyristate, a diffusible signal mediating phc quorum sens-
ing in Ralstonia solanacearum. Chembiochem. 2015;16(16):2309-2318
Quorum Sensing in Gram-Negative Plant Pathogenic Bacteria
http://dx.doi.org/10.5772/intechopen.78003
85
[77] Huang J, Carney BF, Denny TP, Weissinger AK, Schell MA. A complex network regu-
lates expression of eps and other virulence genes of Pseudomonas solanacearum. Journal of 
Bacteriology. 1995;177(5):1259-1267
[78] Liu H, Kang Y, Genin S, Schell MA, Denny TP. Twitching motility of Ralstonia sola-
nacearum requires a type IV pilus system. Microbiology. 2001;147(12):3215-3229
[79] Bhatt G, Denny TP. Ralstonia solanacearum iron scavenging by the siderophore staphy-
loferrin B is controlled by PhcA, the global virulence regulator. Journal of Bacteriology. 
2004;186(23):7896-7904
[80] Murai Y, Mori S, Konno H, Hikichi Y, Kai K. Ralstonins A and B, lipopeptides with 
chlamydospore-inducing and phytotoxic activities from the plant pathogen Ralstonia 
solanacearum. Organic Letters. 2017;19(16):4175-4178
[81] Mori Y, Ishikawa S, Ohnishi H, Shimatani M, Morikawa Y, Hayashi K, Ohnishi K, Kiba 
A, Kai K, Hikichi Y. Involvement of ralfuranones in the quorum sensing signalling path-
way and virulence of Ralstonia solanacearum strain OE1-1. Molecular Plant Pathology. 
2017;19(2):454-463
[82] Hikichi Y, Mori Y, Ishikawa S, Hayashi K, Ohnishi K, Kiba A, Kai K. Regulation involved 
in colonization of intercellular spaces of host plants in Ralstonia solanacearum. Frontiers 
in Plant Science. 2017;8:967
[83] Khokhani D, Lowe-Power TM, Tran TM, Allen C. A single regulator mediates strate-
gic switching between attachment/spread and growth/virulence in the plant pathogen 
Ralstonia solanacearum. MBio Journal. 2017;8(5):e00895-e00817
[84] Larsen JC, Johnson NH. Pathogenesis of Burkholderia pseudomallei and Burkholderia mallei. 
Military Medicine. 2009;174(6):647-651
[85] Ham JH, Melanson RA, Rush MC. Burkholderia glumae: Next major pathogen of rice? 
Molecular Plant Pathology. 2011;12(4):329-339
[86] Gao R. Genome-Wide RNA-Seq Analysis of Quorum Sensing-Dependent Regulons in 
the Plant-Associated Burkholderia glumae Strain PG1 [thesis]. University of Hamburg; 
Library of the Medical Association Hamburg. 2015
[87] Kim S, Park J, Kim JH, Lee J, Bang B, Hwang I, Seo Y-S. RNAseq-based transcriptome anal-
ysis of Burkholderia glumae quorum sensing. The Plant Pathology Journal. 2013;29(3):249
[88] Kim S, Park J, Choi O, Kim J, Seo Y-S. Investigation of quorum sensing-dependent 
gene expression in Burkholderia gladioli BSR3 through RNA-seq analyses. Journal of 
Microbiology and Biotechnology. 2014;24:1609-1621
[89] Nickzad A, Lépine F, Déziel E. Quorum sensing controls swarming motility of 
Burkholderia glumae through regulation of rhamnolipids. PLoS One. 2015;10(6):e0128509
[90] Devescovi G, Bigirimana J, Degrassi G, Cabrio L, LiPuma JJ, Kim J, Hwang I, Venturi 
V. Involvement of a quorum-sensing-regulated lipase secreted by a clinical isolate of 
Burkholderia glumae in severe disease symptoms in rice. Applied and Environmental 
Microbiology. 2007;73(15):4950-4958
Advances in Plant Pathology86
[91] Chen R, Barphagha IK, Karki HS, Ham JH. Dissection of quorum-sensing genes in 
Burkholderia glumae reveals non-canonical regulation and the new regulatory gene tofM 
for toxoflavin production. PLoS One. 2012;7(12):e52150
[92] Kim H, Goo E, Kang Y, Kim J, Hwang I. Regulation of universal stress protein genes 
by quorum sensing and RpoS in Burkholderia glumae. Journal of Bacteriology. 2012; 
194(5):982-992
[93] Richter C, Dy RL, McKenzie RE, Watson BN, Taylor C, Chang JT, McNeil MB, Staals 
RH, Fineran PC. Priming in the type IF CRISPR-Cas system triggers strand-independent 
spacer acquisition, bi-directionally from the primed protospacer. Nucleic Acids Research. 
2014;42(13):8516-8526
[94] Bhaya D, Davison M, Barrangou R. CRISPR-Cas systems in bacteria and archaea: Versatile 
small RNAs for adaptive defense and regulation. Annual Review of Genetics. 2011; 
45:273-297
[95] Barrangou R, Fremaux C, Deveau H, Richards M, Boyaval P, Moineau S, Romero 
DA, Horvath P. CRISPR provides acquired resistance against viruses in prokaryotes. 
Science. 2007;315(5819):1709-1712
[96] Stern A, Keren L, Wurtzel O, Amitai G, Sorek R. Self-targeting by CRISPR: Gene regula-
tion or autoimmunity? Trends in Genetics. 2010;26(8):335-340
[97] Weinberger AD, Gilmore MS. CRISPR-Cas: To take up DNA or not—That is the ques-
tion. Cell Host & Microbe. 2012;12(2):125-126
[98] Zegans ME, Wagner JC, Cady KC, Murphy DM, Hammond JH, O'Toole GA. Interaction 
between bacteriophage DMS3 and host CRISPR region inhibits group behaviors of 
Pseudomonas aeruginosa. Journal of Bacteriology. 2009;191(1):210-219
[99] Sampson TR, Saroj SD, Llewellyn AC, Tzeng Y-L, Weiss DS. A CRISPR/Cas system medi-
ates bacterial innate immune evasion and virulence. Nature. 2013;497(7448):254-257
[100] González JF, Myers MP, Venturi V. The inter-kingdom solo OryR regulator of Xanthomonas 
oryzae is important for motility. Molecular Plant Pathology. 2013;14(3):211-221
[101] Wang LH, He Y, Gao Y, Wu JE, Dong YH, He C, Wang SX, Weng LX, Xu JL, Tay L. A 
bacterial cell–cell communication signal with cross-kingdom structural analogues. 
Molecular Microbiology. 2004;51(3):903-912
[102] Zhou L, Yu Y, Chen X, Diab AA, Ruan L, He J, Wang H, He Y-W. The multiple DSF-family 
QS signals are synthesized from carbohydrate and branched-chain amino acids via the 
FAS elongation cycle. Scientific Reports. 2015;5:13294 http://doi.org/10.1038/srep13294
[103] Pfeilmeier S, Caly DL, Malone JG. Bacterial pathogenesis of plants: Future challenges 
from a microbial perspective. Molecular Plant Pathology. 2016;17:1298-1313
[104] Xu J, Zhou L, Venturi V, He Y-W, Kojima M, Sakakibari H, Höfte M, De Vleesschauwer 
D. Phytohormone-mediated interkingdom signaling shapes the outcome of rice-
Xanthomonas oryzae pv. oryzae interactions. BMC Plant Biology. 2015;15(1):10
Quorum Sensing in Gram-Negative Plant Pathogenic Bacteria
http://dx.doi.org/10.5772/intechopen.78003
87
[105] He Y-W, Je W, Cha J-S, Zhang L-H. Rice bacterial blight pathogen Xanthomonas oryzae 
pv. oryzae produces multiple DSF-family signals in regulation of virulence factor pro-
duction. BMC Microbiology. 2010;10(1):187
[106] Zhou L, Huang T-W, Wang J-Y, Sun S, Chen G, Poplawsky A, He Y-W. The rice bac-
terial pathogen Xanthomonas oryzae pv. oryzae produces 3-hydroxybenzoic acid and 
4-hydroxybenzoic acid via XanB2 for use in xanthomonadin, ubiquinone, and exopoly-
saccharide biosynthesis. Molecular Plant-Microbe Interactions. 2013;26(10):1239-1248
[107] Dow JM, Crossman L, Findlay K, He Y-Q, Feng J-X, Tang J-L. Biofilm dispersal in 
Xanthomonas campestris is controlled by cell–cell signaling and is required for full virulence 
to plants. Proceedings of the National Academy of Sciences. 2003;100(19):10995-11000
[108] Barber C, Tang J, Feng J, Pan M, Wilson T, Slater H, Dow J, Williams P, Daniels M. A 
novel regulatory system required for pathogenicity of Xanthomonas campestris is medi-
ated by a small diffusible signal molecule. Molecular Microbiology. 1997;24(3):555-566
[109] Deng Y, Wu J, Yin W, Li P, Zhou J, Chen S, He F, Cai J, Zhang LH. Diffusible signal fac-
tor family signals provide a fitness advantage to Xanthomonas campestris pv. campestris 
in interspecies competition. Environmental Microbiology. 2016;18(5):1534-1545
[110] Deng Y, Liu X, Je W, Lee J, Chen S, Cheng Y, Zhang C, Zhang L-H. The host plant 
metabolite glucose is the precursor of diffusible signal factor (DSF) family signals in 
Xanthomonas campestris. Applied and Environmental Microbiology. 2015;81(8):2861-2868
[111] Poplawsky A, Chun W. pigB determines a diffusible factor needed for extracellular 
polysaccharide slime and xanthomonadin production in Xanthomonas campestris pv. 
campestris. Journal of Bacteriology. 1997;179(2):439-444
[112] Yun MH, Torres PS, El Oirdi M, Rigano LA, Gonzalez-Lamothe R, Marano MR, 
Castagnaro AP, Dankert MA, Bouarab K, Vojnov AA. Xanthan induces plant suscepti-
bility by suppressing callose deposition. Plant Physiology. 2006;141(1):178-187
[113] Wang L, Zhang L, Geng Y, Xi W, Fang R, Jia Y. XerR, a negative regulator of XccR 
in Xanthomonas campestris pv. campestris, relieves its repressor function in planta. Cell 
Research. 2011;21(7):1131-1142
[114] Newman KL, Almeida RP, Purcell AH, Lindow SE. Cell-cell signaling controls Xylella 
fastidiosa interactions with both insects and plants. Proceedings of the National 
Academy of Sciences of the United States of America. 2004;101(6):1737-1742
[115] Chatterjee S, Wistrom C, Lindow SE. A cell–cell signaling sensor is required for viru-
lence and insect transmission of Xylella fastidiosa. Proceedings of the National Academy 
of Sciences. 2008;105(7):2670-2675
[116] Scarpari LM, Lambais MR, Silva DS, Carraro DM, Carrer H. Expression of putative 
pathogenicity-related genes in Xylella fastidiosa grown at low and high cell density con-
ditions in vitro. FEMS Microbiology Letters. 2003;222(1):83-92
Advances in Plant Pathology88
[117] Ionescu M, Yokota K, Antonova E, Garcia A, Beaulieu E, Hayes T, Iavarone AT, Lindow 
SE. Promiscuous diffusible signal factor production and responsiveness of the Xylella 
fastidiosa Rpf system. MBio Journal. 2016;7(4):e01054-e01016
[118] Beaulieu ED, Ionescu M, Chatterjee S, Yokota K, Trauner D, Lindow S. Characterization of 
a diffusible signaling factor from Xylella fastidiosa. MBio Journal. 2013;4(1):e00539-e00512
[119] González JF, Venturi V. A novel widespread interkingdom signaling circuit. Trends in 
Plant Science. 2013;18(3):167-174
[120] Antunes LCM, Ferreira RB, Buckner MM, Finlay BB. Quorum sensing in bacterial viru-
lence. Microbiology. 2010;156(8):2271-2282
[121] McManus PS, Stockwell VO, Sundin GW, Jones AL. Antibiotic use in plant agriculture. 
Annual Review of Phytopathology. 2002;40(1):443-465
[122] Defoirdt T, Boon N, Bossier P. Can bacteria evolve resistance to quorum sensing disrup-
tion? PLoS Pathogens. 2010;6(7):e1000989
Quorum Sensing in Gram-Negative Plant Pathogenic Bacteria
http://dx.doi.org/10.5772/intechopen.78003
89

